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ENERGY GENERATING SYSTEM USING- SEA WAVES 

This i^venttioii relates to aa energy generating 
system using sea wa^es and to a femoy which includes 
5 characteristics common, to said system. 

BACKGROUND OF THE INVENTION 

Currently known are various systems for obtaining 

10 energy from the waves of the sea, based on. floating bodies 
that include flexible elements for fixing them to the sea 
bed. These systems have the disadvantage that they include 
complex devices, in which the energy generating mechanisms 
are in direct contact with the sea water .and are therefore 

15 subject to a high level of corrosion. Such systems have 
the further disadvantage that they do not adapt to- any 
kind of sea level and. so cannot be mass— maimf actmred. All 
this makes installation and maintenance costs very much 
greater, hindering the obtaining of profits from such 

20 systems on the basis of the energy -output obtained. 

International patent application WO 02/48544 Al 
relates to a system for generating energy from sea waves 
that resolves the aforesaid disadvantages. 

Said system includes at least one floating body, a 

25 ballast, a connecting chain or cable between said ballast 
and said floating body and a device provided inside said 
floating body for converting the movement of the floating 
body into pneumatic or hydraulic energy, together with 
means for transmitting the energy to dry land or to a 

30 fixed' structure. 

* 

The device for converting the movement of the 
floating body to . which the ■ aforesaid patent relates 
includes a traction system which has as its main element a 
35 drum on which the connecting chain or cable with the 
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floating body winds. Tikis traction system has the task of 
converting the force and vertical linear movement of the 
buoy through- the cable into rotary movement of the drum 
with a certain rotating moment. '-The conversion device also 
5 includes a recovery device for Making. the dnsM rotate in 
the opposite direction, when the floating body descends 
with the wave, and for maintaining .at all times suitable 
cable or chain tension. 

Thus, in the system* described,, when the floating 

10 body ascends by floatability lender the effect of arrival 
of the wave, the cable or chain nnwinds fromi the drum. The 
drum rotates in one direction with a certain rotating 
moment or shaft torque from the •drum itself, and this is 
transmitted to the energy converting system for the 

15 production of pneumatic, electrical or hydraulic energy. 
When the floating body descends with the wave under the 
effect of the force of gravity, it is the recovery device 
that has. the task of making the drum rotate in the 
opposite direction and thereby of recovering the cable or 

20 chain to its initial position. 

The system described in the aforesaid patent has 
the advantages of being simple .and also resolving the 
problem of the different tide levels, so that the system 
can be mass -manufactured. Indeed, the length' of the 

25 device's cable need not vary depending on the tides, since 
the recovery device always permits recovery of the chain 
or cable unwound during the ascent of the wave, so that 
the length of the cable wound or recovered in a specific 
sea zone depends -on the difference between the low tide 

30 and the high tide rather than the forecast height of the 
waves in that zone. 

Another advantage of tie system described in 
international patent WO 02/48544 is that it resolves the 
problem of corrosion due to the direct action of the sea 

35 water, since it discloses a device for converting the 
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movement of the floating body into energy, which device is 
mounted inside the floating body and above the 
floatability line of said body. 

The system* disclosed in international patent 
5 application WO 02/48544 nevertheless presents a number of 
dis advantages , which, are set out below: 

■ It is still a complex system, since it is necessary to 
manufacture a large drum,- mounted insidfe the floating 
body, onto which dxram. there windLs the cable or chain 

10 that connects said floating body to the ballast. 

■ The cable or chain connecting the floating body to the 
ballast is sTaibmittedL to high stresses that reduce its 
useful life, for in addition to the tensile and flexion 
forces, said chain or cable is also- submitted to the 

15 torsion force geo.era.ted. by the action of marine 
currents and other outside agents, due to the rotation 
of the entire floating body around an imaginary 
vertical axis. 

■ In the event of the floating body having to be 
20 repaired, the point of anchorage to- the sea bed is 

inevitably lost, since the fact that no intermediate 
buoy exists means that the connecting cable of the 
floating body is attached directly to the sea bed 
ballast • 

25 8 The design of the floating body is complex because it 
includes two elements with different functions; a float 
on the lower part and a receptacle mounted on said 
float to house the components of the energy-converting 
device. 

30 ■ The floating body is not stable and can easily 
overturn, since the components of the energy-converting 
device are above the floatability line, so that the 
centre of gravity of the floating body is also above 
the floatability centre. 

35 ■ Periodic maintenance of the outer surface of the 
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floating body has to be carried! out in order to remove 
marine incrustations . 


DESCRIPTION OF THE INVENTION 

5 

The objective of this invention is fco resolve the 
disadvantages Bierationed, by developing a systesim having the 
advantages set out below. 

According to a first aspect, the system of this 

10 invention for generating energy from sea waves includes at 
least one floating body, a ballast, a ballast chain or 
cable, at least one coimecting cable or chain between said 
ballast chain or cable and said floating: body, means for 
converting the movement of said floating body into 

15 mechanical energy, at least one recovery device situated 
inside said floating body that permits recovery of said 
cable or chain to- its initial position during the descent 
of the wave, at least one device for converting said 
mechanical energy into energy other than Mechanical 

20 energy, situated inside said floating body, means for 
transmitting said energy to dry land or to a fixed 
structure, and is characterised in that said floating body 
is mounted on a structure and in that it includes at least 
one horizontal shaft integral by its ends to said 

25 structure; in that said Means for converting the movement 
of said floating body into mechanical energy include a 
moving housing around which the connecting cable or chain 
winds, with said housing being, jsouooited in rotating fashion 
in relation to said horizontal shaft, in such a way that 

30 it rotates under the action of said wound oable or chain. 

Thanks to these -characteristics, the system of 
this invention has the advantages set out below: 
■ The moving housing of the floating body itself acts as 
a drum of the system! on which the connecting chain or 

35 cable winds, so that it is not necessary to instal a 
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large drum, inside the floating body. 

■ The design of the floating body is very simple, since 
it consists of a single element which has two 
functions; one of acting as a float, providing the 

5 floatability force for generating energy, and the other 
of acting as a receptacle for housing the components of 
the mechanical energy conversion device, leaving said 
components isolated from the direct action of the sea 
water. 

10 ■ The floating body is stable, so that the use of 
counterweights is not necessary. Indeed, the fact that 
the same element of the floating body carries out the 
functions of float and receptacle for fitting the 
components of the device, lEneans that the centre of 

15 floatability remains above the centre of gravity, so 
that said floating body is unlikely to overturn* 

■ There exists a specific cable for ballasting the body, 
which is independent from the connecting cable that it 
winds on the floating body* Said specific ballast 

20 cable, as it does not have to wind and nmwdLnd, can be 
oversized or designed so that the torsional force to 
which it is submitted does not reduce its useful life* 

According to a preferred emnbodiinient of the 
invention, the at least one device for converting said 
25 mechanical energy includes electrical generator and means 
for transmitting said Mechanical energy to said generator. 

Preferably, said- means of transmitting the 
mechanical energy to said -generator include an interior 
crown gear attached so as to fonsi part of the moving 
30 housing, a pinion that meshes with said crown gear and a 
multiplier attached to said pinion. 

Thanks to these characteristics,- with the system 
of this invention the mechanical energy which is obtained 
from the movement of the moving housing of the floating 
35 body is converted directly into electrical energy. 
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Preferably, the electrical energy obtained is 
processed by means of power electronics technology to 
ensure the confclniaoTBS transmission, of electrical energy. 
The flow fed into< the electricity network will thereby be 
5 as constant and stable as possible. 

In accordance with a paref erred, eMbod i men t of the 
invention, the system includes at least two* floating 
bodies mounted on said structure and at least two* parallel 
horizontal shafts integral by their ends to said 

10 structure, with the cables or chains of said floating 
bodies wound in the- opposite direction on the moving 
housings of the floating bodies. in such, a way that they 
rotate in opposite directions to one another due to the 
action of said wound cables or chains. 

15 The presence of two floating bodies inoumted on a 

single structure ensures in a very simple and effective 
way that the energy generating system- of this- invention is 
physically stable, am. essential comditiom for obtaining 
the recovering force from the recovery device and the 

20 reaction force from* the means- for transforming the 
mechanical energy into electrical energy (electrical 
generator); . 

Preferably, the recovery device includes a coil 
spring, said spring being attached, by one of its ends to 
25 the horizontal shaft integral to- the structure and by 
another of its ends- to- the moving housing of said floating 
body. 

Said coil spring constitutes a simple mechanical 
solution that allows energy to- be stored during the ascent 

30 of the floating body, in the form of elastic potential 
energy. Said energy is released when the floating body 
descends with the wave, making the floating body rotate in 
the opposite direction) .and thros be able to recover the 
connecting chain or cable. 

35 Preferably, the structure on which said at least 
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floating body is monnted includes at least one profile 
parallel to said at least one horizontal shaft and means 
for cleaning off the marine incrustations on the outer 
face of said moving housing, attached to said profile and 
5 to said stroctnre. 

Advantageously, said means for cleaning off the 
incrustations are scrapers. 

Thanks to these characteristics, the system of 
this invention automatically cleans itself xv in situ", so 

10 it is not necessary to carry out periodic maintenance of 
the outer surface of the floating hody or bodies in order 
to remove the marine incrustations. 

In accordance with the invention, said system 
includes at least one intermediate fouioy attached to said 

15 ballast chain o-r cable. Thanks to- said buoy the system 
has an intermediate anchoring point that has two 
advantages. On the one hand it permits the anchorage to be 
kept at a reasonable depth, permitting removal of the 
floating body and, if necessary, its replacement by 

20 another siach body, withont losing the anchoring point. And 
on the other hand, the floatability of the intermediate 
buoy discharges to the floating body the weight of the 
ballast chain or cable, which, depending on the depth of 
the sea bed, is by no- means insignificant. 

25 According to a preferred embodiment of the 

invention, said system inclndes a plnrality of modules, 
each of them formed by at least one floating body and, 
advantageously, each module is formed of at least said 
floating body and at least said intermediate booy attached 

30 to said ballast chain or cable. 

Thanks to the modular design, the system adapts 
simply and easily to the type of swell in the geographical 
zone. Thus, in order to= take advantage of waves of small 
amplitudes and small wavelengths, the system would be 

35 fitted with few modules, while to take advantage of waves 


WO 2005/054668 PCT7IB2004/003580 


8 

of large dimensions tike system would be fitted with a 
larger number of HKXtales. 

Preferably, the structure of the system includes 
means for guiding said connecting cable or chain, which 
5 means make possible an optimal connection between the 
connecting chain or cable of the floating body and the 
ballast chain, or the intermediate buoy, if applicable. 

According to a second aspect of tine invention, a 
buoy is proposed which includes the characteristics of the 
10 system according to amy of claims 4 to 11, not being 
equipped with said at least one device for converting said 
mechanical energy into energy other than mechanical 
energy* 

Thanks to these characteristics, the invention 
15 provides a buoy which is self-cleanable . 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of all that has been 
20 set out some drawings are included which show, 
schematically and solely by way of non-restrictive 
example, a practical case of embodiment. 

In said drawings., 

Figure 1 is a. perspective view of a preferred 
25 embodiment of the system of the invention that includes 
one module with two floating bodies and one intermediate 
buoy* 

Figure 2 is. a detail of the perspective view of 
Figure 1, showing the recovery device situated, inside said 
30 floating bodies. 

Figure 3 is a perspective view of the interior of 
a floating body, showing a detail of the device for 
converting the mechanical energy into electrical energy. 

Figure 4 is a perspective view of a preferred 
35 embodiment of the system of the invention that includes 
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two modules , each one of them formed by two floating 
bodies and one intermediate buoy. 

Figure 5 is a perspective view of a preferred 
embodiment of the system of the invention that includes 16 
5 modules , each one of thena formed by two floating bodies 
and one intermediate buoy, 

DESCRIPTION OF A PREFERRED EMBODIMENT 

10 Figure 1 shows, a perspective view of a preferred 

embodiment of the system of the invention? which includes a 
module 17 with two floating bodies l f a ballast 2, a 
ballast chain 3, a cable 4 wound on each one of the 
floating bodies. 1 and a structure 5- on which said floating 

15 bodies 1 are mounted- The sfcracfcore 5 includes means 6 for 
guiding the cables 4 to an intermediate buoy 1. Said 
intermediate buoy 7 is submerged at a depth of some 20 
metres and is anchored onto the ballast 2 situated on the 
sea bed by means of the ballast chain 3. 

20 The intermediate buoy 7 provides an intermediate 

anchorage 8 which has the advantage of allowing the 
anchorage point of the floating body or floating bodies of 
the system to- be maintained at a reasonable depth . 

As Figore 1. shows r from each floating body 1 there 

25 descends vertically a cable 4 which passes through the 
guiding means: 6 to the intermediate buoy 7. Thanks to said 
guiding means 6 and to the way in which said cables 4 are 
secured to said intermediate buoy 7> losses of energy due 
tic friction are prevented in so« far as possible. 

30 Fignxre 2 shows the interior of one of the two 

floating bodies 1 of Figure 1, in which a horizontal 
static shaft 9 integral by its ends to- the structure 5 can 
be discerned. Said static shaft 9 constitutes the axis in 
relation to which the moving housing 10« of each one of the 

35 floating bodies 1 rotates , due to* the action of the wound 
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cable 4 . 

As can be observed in Figure 2, the recovery 
device of the system is a coil spring 11 whose interior 
end is attached to the static shaft 9 and whose exterior 
5 end is attached to- the interior face of the housing 10. 
Said spring 11 is fitted with a certain pre-tensioning in 
order to ensure the tension of the ballast chain 3 and of 
the connecting cable 4, and has the task of recovering 
said cable 4 from each one of the floating bodies 1 when 
10 the unit as a whole descends with the movement of the 
wave . 

The structure 5 of the system shown includes all 
round its interior periphery some scrapers, not shown, 
which take advantage of the rotary movement of the moving 

15 housing 10 of the floating bodies 1 to clean the marine 
incrustations from the exterior surface of said bodies 1. 

Figure 3 is a perspective view of the interior of 
a floating body 1, showing a detail of the device for 
converting the mechanical energy into energy other than 

20 mechanical energy, in this case electrical energy- 
Said figure shows an interior crown gear 12 which 
is integral to- the interior surface of the floating body 1 
housing 10, a pinion 13 which meshes with said crown gear 
12, a multiplier 14 attached to said pinion 12 and, 

25 finally, a generator 15 of electrical energy. Both the 
multiplier 14 and the generator 15. are placed on a 
platform 16 integral to the static shaft 9- The multiplier 
14 has the function of adapting the speed transmitted to 
the shaft so- that the generator 15 works under optimal 

30 conditions, being able to vary its transmission ratio if 
necessary. 

Figures 4 and 5 show two perspective views of two 
preferred embodiments of the system of the invention, 
comprising two and sixteen modules 17, respectively. The 
35 first of them is optimum for geographical zones with 
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small-amplitude, small-wavelength waves, while the second 
is optimum for zones with great wave amplitudes and 
lengths • 

There follows a description of how the system 

5 works. 

In a calm- sea situation, the system remains in 
equilibrium- The cable 4 is wound on the moving housing 10 
of the floating body and remains tensed by the effect of 

the coil spring 11. 
10 When the water level rises under the effect of 

arrival of a wave the floating body 1 receives the thrust 
of the wave and starts its ascending travel. The cable 4 
unwinds, causing the moving housing 10 of the floating 
body to rotate in relation to the static shaft 9 integral 
15 to the structure 5- The rotary movement of the housing 10 
is transmitted to the electrical generator 15 housed 
inside the floating body 1, through the crown gear 12, 
from the pinion 13: which, meshes, with said crown gear and 
from the multiplier 14 attached to said pinion. 
20 Thus, in the preferred embodiments of the system 

shown in Figures 1 to. 5> the movement of the floating body 
1 is converted into the mechanical energy which moves the 
housing 10, and the latter into the electrical energy 
produced by the generator 15-. 
25 The electrical energy obtained with the generator 

15 of one or several floating bodies will be processed by 
means of power electronics technology in order to ensure 
continuous transmission of the electrical energy. 

Although they have not been shown, there exist 
30 other embodiments of the system of this invention, in 
which the mechanical energy that moves the housing 10 can 
be converted into any other type of energy, such as 
pneumatic energy, by means of a compressor connected to 
the transmission, or such as hydraulic energy, by means of 
35 a pump connected to the transmission. 
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When the water level -descends due to the descent 
of the wave, the cable 4 winds in raider the effect of the 
coil spring 11, causing the housing 1& of the floating 
body 1 to rotate in a direction opposite to the direction 
5 in which it had been rotating daring the unwinding. The 
energy used by the- spring 11 to> recover the cable 4 is 
that which had been stored during the ascent of the wave 
in the form of elastic potential energy. 

In the embodiments shown in Figures 1 to 5, each 
10 module is made up of two floating bodies whose housings 10 
rotate, one in the opposite direction to the other, so 
that the system is physically stable. 

The system of this invention has the advantage 
that it makes it possible to obtain energy in a simple and 
15 effective way, which advantage means a major reduction in 
the costs of installation and maintenance of the system. 
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